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Background: Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and
mortality caused by cigarette smoking and other environmental exposures. While variation in
exposures may affect COPD morbidity and mortality, little is known about geographic varia-
tion, a surrogate of exposures. The objective of this manuscript is to explore the geographic
variation in COPD hospitalization rates among the Texas population in 2006.
Methods: The study population consisted of all Texas residents with COPD hospitalizations in the
2006 Texas Health Care Information Council (THCIC) data. County population estimates strati-
fied by race, age, and gender were linked to THCIC data to calculate county level COPD hospi-
talization rates per 100,000 admissions. The data were merged with Urban Influence Codes by
county, and metropolitan status was determined by United States Department of Agriculture
(USDA) criteria. Variation in COPD hospitalization rates were analyzed using Poisson Regression.
Results: Overall, non Hispanic (NH) Whites had the highest rate of hospitalization, followed by
NH Blacks (rate ratioZ 0.42) and Hispanics (RRZ 0.17), the 65þ age category had the highest
rates of hospitalization. In themetropolitan counties COPD hospitalization rateswere lower than
non-metropolitan counties, however in metropolitan counties the rates of hospitalization
were significantly higher (p< 0.0001) in females compared tomales. The rates were significantly
higher in males in public health regions 10 and 11, which are predominantly non-metropolitan
counties.
Conclusions: In Texas there is substantial geographic variation in hospitalization rates associated
with gender and race/ethnicity. Other factors that may contribute to the variation and require7 735 5162; fax: þ1 817 735 2314.
thsc.edu (B.E. Jackson), sumihiro.suzuki@unthsc.edu (S. Suzuki), klo@live.unthsc.edu (K. Lo), Fesu@
@unthsc.edu (K.P. Singh), david.coultas@uthct.edu (D. Coultas), abartolucci@ms.soph.uab.edu
du (S. Bae).
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factors, access to primary care, medical practice patterns, and coding practices.
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Chronic obstructive pulmonary disease (COPD) includes two
types of lung disease, emphysema and chronic obstructive
bronchitis. Both limit airflow and lead to physical and
chemical changes in the lungs which alter the ability to
exchange oxygen and breathe causing long term disability.1
COPD is the 4th leading cause of death in the nation, and
among the top 10 leading causes in the world; COPD is the
only one for which prevalence and mortality rates have
increased over the years.2
Risk factors for COPD include tobacco smoking, exposure
to occupational dusts and chemicals, and air pollution.
Cigarette smoking is the primary cause of COPD in the
developed world, accounting for 85e90% of cases.3 In an
analysis of 160 White and African American patients with
end stage COPD, it was reported that African Americans
were younger and had fewer pack years of smoking, and
had started smoking later in life.4 Exposures to noxious
substances such as dusts and chemicals that often occur in
occupational settings, can contribute to the development
of the disease.3 The type of occupational settings and race
distributions changes with geographic location. The
percentage of COPD cases caused by occupational expo-
sures has been estimated to range from less than 15% to as
high as 31% among never-smokers.5 Minority groups have
historically been overexposed to hazardous industries.
These groups may be at increased risk for work related-air
flow obstruction. In a previous study it was found that
although Whites had the highest prevalence of airflow
obstruction across all industries and occupations, the
percentage of airflow obstruction attributable to workplace
exposure was lowest among Whites, intermediate among
African Americans, and highest among Hispanics.5
It has been reported that hospitalization admission rates
for COPD were higher in rural than in metropolitan areas of
Victoria, Australia. The researchers found a positive corre-
lation between increased levels of geographical remoteness
COPD admission rates.6 A study by Joo et al. of the Veterans
Health Administration system, in which 97.9% of the
participants were males, showed that there is geographic
variation in the rates of COPD exacerbation based off of 22
geographically defined areas in the United States.7 An
analysis of a rural England population found evidence that
ambient air pollutant concentrations were associated with
the risks of hospital admissions for COPD.8 The distance from
metropolitan based medical equipment companies makes
the delivery of portable treatment systems costly; patients
with COPD who reside in rural counties are less likely to
receive liquid oxygen.9 A lack of treatment options could
increase and lead to more frequent hospitalizations in rural
areas. A study of COPD-related disparities in Colorado
found that rural subjects were less likely to have received
adequate preventative or nonmedical therapies which could
have increased the COPD-related mortality.10 Examination
of geographic variations is an important aspect of healthdisparities research,11 which has not been explored for COPD
in Texas. The purpose of this study was to explore the vari-
ations in admitting hospitalization rates for COPD by
metropolitan county status and public health region. In
Texas, there are 11 public health regions which are designed
in order to deliver health services directly to people in
counties and rural areas with no other public health agency
and to assist local health departments in the performance of
their duties.12 By identifying differences in hospitalization
rates across public health regions, policy changes at a more
local level can be implemented to affect change.
Methods
The data were retrieved from the Texas Health Care
Information Council (THCIC) on inpatients in 2006.13 Only
inpatient data were available for the analysis. There were
2,835,123 observations with a Texas address and of those
21,119 were classified as having COPD according to our
definition.
Spirometry data was not available in the inpatient data-
set, soweused the InternationalClassificationofDiseases 9th
Revision (ICD-9) to categorize observations. A patient was
defined as having COPD if his/her admitting diagnosis was
ICD-9 codes 491.XX (chronic bronchitis), 492.XX (emphy-
sema), or 496.XX (chronic airway obstruction not elsewhere
classified). The THCIC data were collected using the UB-92
uniform bill format. The UB-92 claim form can only accom-
modate one diagnosis code to describe the patient’s primary
reason for seekingcareor treatment.Theadmittingdiagnosis
is defined by the National Uniform Billing Committee as the
ICD-9-CM diagnosis code describing the patient’s diagnosis or
reason for visit at the time of admission. The use of ICD-9
codes has been justified in other studies for classifying COPD
in the absence of spirometry measurement.14,15 Admitting
diagnosis was chosen to estimate rates of severe COPD
exacerbations requiring hospitalization.
Race, age group, and gender are known variables asso-
ciated with COPD9 and were available in the inpatient
dataset. With this study we were interested in exploring
geographic disparities in the rates of COPD hospitalization
so county of residence was used to identify the public
health region in which the person resides, and with the
Urban Influence Code (UIC), the metropolitan status of the
county could be classified.
Metropolitan versus non-metropolitan classification was
based on the 2003 UIC. These codes divide the counties,
county equivalents, and independent cities into 12 groups.
Metropolitan counties are divided into two groups by the size
of the metro area: those in “large” areas with at least
1million residents and those in “small” areaswith fewer than
1 million residents. Non-metropolitan counties are grouped
by their adjacency to metropolitan areas. Metropolitan
counties are defined as those counties with a UIC of 1 or 2.16
Three datasets were obtained and merged by the
county’s Federal Information Processing Standards (FIPS)
Table 1 Frequency and rate of hospitalization among
COPD inpatients from 2006 THCIC data.










18e44 392 4 0.01 0.01 0.01
45e64 5851 109 0.17 0.16 0.18
65 and
above
14824 645 e e e
Race category
Hispanic 2102 24 0.17 0.14 0.22
NH Black 1692 62 0.42 0.33 0.55
NH White 16436 145 e e e
Gender
Female 12059 103 1.33 1.15 1.54




4903 163 2.06 1.76 2.41
Metropolitan 16216 79 e e e
Texas 21,119 90
COPD inpatients were identified by their admitting diagnosis ICD-
9 codes 491.XX, 492.XX, and 496.XX. Rates reported as
the number of COPD admissions per 100,000 admissions. Due to
some missing values, subtotals may not sum to total. Rates were
rounded to the nearest integer.
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information, and retained only the variables of interest and
were reorganized in a nested manner to enable merging
with Texas county population estimates stratified by age,
race and gender.17 In addition a dataset with county level
UIC was obtained and merged with the dataset to be used
for metropolitan status classification.
Poisson regression was used to determine how the vari-
ables of interest are related to the rate of COPD hospital-
izations. Over dispersion of potentially non-independent
repeated events were accounted for by introducing
a parameter estimated by the ratio of the Pearson chi-
square statistic to its degrees of freedom. Univariate
analysis was carried out on race, gender, age group,
metropolitan status, and public health region. In the
multivariable models we found significant interaction
between age category and metropolitan status, and gender
and public health region, indicating differences in COPD
hospitalization rates at different levels of race, gender, and
counties. Thus, we stratified our analysis of COPD hospi-
talization rates by gender within metropolitan status and
within public health regions. Proc GENMOD from SAS
v9.1.318 was utilized to generate rate ratios and carry out
the analysis. All results were considered to be significant if
the p-value was no more than 0.05.
Results
Univariate comparison
The univariate analysis suggests that gender, race, age
category, metropolitan, and public health region are all
significant factors (p < 0.0001) associated with COPD for
observations in the THCIC 2006 dataset. Table 1 shows the
rates and rate ratios according to demographic character-
istics. Overall females have a higher hospitalization rate of
COPD (103 per 100,000) compared to males (77 per
100,000). Non Hispanic (NH) Whites have the highest rate
(145 per 100,000), followed by NH Blacks (62 per 100,000),
and lastly Hispanics (24 per 100,000). Patients who are in
the “65 and above” age category have the highest rate of
hospitalization (645 per 100,000). Non-metropolitan areas
have a higher rate of hospitalization (163 per 100,000)
compared to metropolitan areas (79 per 100,000). Of the 11
public health regions in Texas, region 5 has the highest
overall rate of COPD hospitalizations (253 per 100,000).
Metropolitan and public health regions
In the multivariable model, the interaction term for
metropolitan status by age category was significant
(p < 0.0001) as well as the interaction between public
health region and gender (p < 0.0001), indicating differ-
ences in COPD hospitalization rates at different levels
according to the county’s metropolitan status and age
group as well as differences according to public health
region and gender, age and race group.
Table 2 shows the rate ratios for the demographic char-
acteristics according to metropolitan county status. In non-
metropolitan counties there was a significant difference
between race (p < 0.0001) and age category (p < 0.0001)adjusting for the other factors. NH Whites had the highest
rate followed by NH Black then Hispanics. Table 3 shows the
hospitalization rates per 100,000 admissions stratified by
gender according to metropolitan county status. Observa-
tions from non-metropolitan counties in the “65 and above”
age group had the highest hospitalization rate, but females
under the age of 65 had higher rates of hospitalization
compared to males. Among NH Whites and NH Blacks, COPD
hospitalization rate was higher in females than males.
In the stratified analysis, the effect of race, age cate-
gory, and gender were significant in metropolitan counties
(Table 2). COPD Hospitalization rates decreased from NH
Whites to NH Blacks to Hispanics. Observations in the “65
and above” age category had the highest hospitalization
rate. Female rates were higher than males among NH
Whites and NH Blacks. Females under the age of 65 had
higher rates compared to males.
Looking at all public health regions, the effects of age and
race were significant (p < 0.05) after adjusting for the other
factors in the model. Five of the regions showed a significant
difference in COPD hospitalization rate according to gender.
Fig. 1 shows the regions with gender differences for rate of
hospitalization. In three of these regions (3, 6, and 7) the
rates for females were higher than males. Table 4 shows the
rate ratios and their corresponding 95% confidence intervals
for regions 10 and 11, the regionswhere the rateswerehigher
in males compared to females. Males showed higher rates in
both regions in the ‘65 and above’ age category as well as in
the Hispanic race category (Table 5).
Table 2 COPD hospitalization rate ratios according to county metropolitan status.
Non-Metropolitan Metropolitan
95% CI 95% CI
Rate ratio Lower bound Upper bound p-value Rate ratio Lower bound Upper bound p-value
Age category <0.0001 <0.0001
18e44 0.01 0.01 0.02 0.01 0.01 0.01
45e64 0.25 0.23 0.28 0.17 0.15 0.18
65 and above e e e e e e
Race category <0.0001 <0.0001
Hispanic 0.39 0.34 0.47 0.41 0.36 0.46
NH Black 0.74 0.62 0.89 0.73 0.65 0.84
NH White e e e e e e
Gender 0.6197 0.0013
Female 0.98 0.90 1.06 1.13 1.05 1.21
Male e e e e e e
The “less than 18” age category and “Other” race category are not displayed. P-values reported are for type III analysis.
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The purpose of this study was to explore the variations in
admitting hospitalization rates for COPD by metropolitan
county status and public health region, the data suggest
that in different public health regions and in different
counties the rates of hospitalization due to COPD are
affected differently. Consistent with the literature, older
patients are using inpatient services most frequently.19
Because COPD does not manifest in patients until later
stages of life, the population which would utilize services is
expected to be older. In this study, 71% of the sample was
over the age of 65. NH Whites had the highest rates of COPD
hospitalization in Texas; this was more than twice the rate
for NH Blacks and Hispanics. The lower rates for NH Blacks
and Hispanics may be underestimated because this dataset
was for inpatient visits only. The rate of COPD hospitali-
zation was observed to be higher in the 177 non-metro-
politan counties compared to the 77 metropolitan counties.
In both metropolitan and non-metropolitan counties, it was
observed that females had higher rates of hospitalizationTable 3 COPD hospitalization rates according to county
metropolitan status.
Non-Metropolitan Metropolitan
Female Male Female Male
Age category
18e44 15 4 5 2
45e64 216 138 120 76
65 and above 659 822 614 633
Race category
Hispanic 35 43 22 24
NH Black 111 94 59 55
NH White 245 208 154 104
Overall 177 149 92 66
Rates are reported as the number of COPD admissions per
100,000 hospital admission.amongst the 45e64 year old age group compared to their
male counterparts.
The public health regions which displayed significantly
higher rates for females were regions 3, 6, and 7. These 3
regions comprise 3 of the top 20 largest cities in the United
States. Within region 3, 96% of the population is clustered
around the large cities such as Dallas, Fort Worth, Arling-
ton, Plano and Garland.20 Houston and Austin are the large
cities in the other two regions, respectively. This suggests
that in the larger metropolitan areas in Texas the rates of
COPD hospitalization are higher in females than in males.
The relationship between diesel particulates; sulphur
dioxide, ozone, and nitrogen dioxide according to regions
have been shown.21 Exposure to pollutants is higher inFigure 1 Geographic and gender disparities in COPD hospi-
talization rates among Texas Public Health Regions. Shaded
areas represent regions with significant (p < 0.05) gender
difference in hospitalization rates. Region hospitalization rate
in descending order: 5,4,2,9,1,7,11,6,3,8,10.
Table 4 COPD hospitalization rate ratios in public health regions 10 and 11.
Public health region 10 Public health region 11
95% CI 95% CI
Rate ratio Lower bound Upper bound p-value Rate ratio Lower bound Upper bound p-value
Age category <0.0001 <0.0001
18e44 0.00 0.00 0.01 0.01 0.01 0.01
45e64 0.07 0.05 0.09 0.15 0.13 0.17
65 and above e e e e e e
Race category <0.0001 <0.0001
Hispanic 0.55 0.45 0.68 0.62 0.55 0.70
NH Black 0.83 0.45 1.54 1.02 0.62 1.66
NH White e e e e e e
Gender 0.0031 <0.0001
Female 0.76 0.63 0.91 0.72 0.64 0.81
Male e e e e e e
The “less than 18” age category and the “Other” race category are not displayed. P-values reported are for type III analysis.
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generally higher due to high volume traffic in large cities.8
In Sao Paulo, Brazil one of the world’s largest cities the
main source of air pollution is from lightweight cars that run
on a petroleethanol mixture, which results in the emission
of pollutants.15 The pollutants in the air might be contrib-
uting to the variation in the rates of hospitalization
between genders in public health regions 3, 6 and 7.
Physiologically, the manifestations of COPD exacerbations
differs between males and females, with males it is an
increase in cough and sputum, while in females it can be
associated with changes in lung function.15 Thus women are
noted to present more pronounced airway responsiveness
than men linking them with increased susceptibility to
environmental pollutants. Other economic and psychoso-
cial factors could have influenced some individuals to
utilize inpatient visits more than others.
The two public health regions where the rate of hospi-
talization was observed to be significantly higher in males
than females were regions 10 and 11. Both of these regionsTable 5 Gender specific COPD hospitalization rates in
public health regions 10 and 11.
Public health region 10 Public health region 11
Female Male Female Male
Age category
18e44 1 1 8 5
45e64 29 29 88 107
65 and
above
373 515 568 858
Race category
Hispanic 26 37 51 68
NH Black 91 9 150 74
NH White 140 101 252 253
Overall 49 50 85 100
Rates are reported as the number of COPD admissions per
100,000 hospital admissions and rounded to the nearest integer.are contiguous with Mexico. A majority of the counties in
both these regions are non-metropolitan, where approxi-
mately 80% of the population is Hispanic. While underuti-
lization of inpatient services among Hispanics may explain
the lower rate of hospitalization, the more important
factor is the overall lower prevalence of COPD among
Hispanics.22 The regulations in occupations just across the
TexaseMexico border may expose the workers to pollutants
that could have contributed to the development of COPD.
In addition to the affects of air pollution, the costs and
availability of treatment presented an interesting paradox in
this study. The cost of medical care in non-metropolitan
areas may be partially driven up by the cost of transporting
medical supplies into these areas.6 With a lack of treatment
due to the potentially higher costs, the frequency of COPD
exacerbations may be higher in non-metropolitan areas.
There was no information provided that would allow us to
examine what type of treatment options patients were
currently on when they were hospitalized or a variable
specific to COPD-related expenditures. In addition to this,
hospitals may not be within an easily accessible distance, so
patients may not seek medical care until they are in serious
condition. In the present study we observed a higher rate of
hospitalization in the non-metropolitan counties. A potential
explanation for the urban-rural variation may be attribut-
able to differences in access to primary care. Poor access to
primary care contributes to higher utilization of hospitals.
The data utilized were not collected for our study
purpose, and the availability of certain variables of interest
was thereby limited. Information on the individual’s
smoking status, occupation history, or spirometry data was
not provided. Smoking status could have provided another
level of disparity to analyze. The areas in Texas with the
highest hospitalization rate are in East Texas, the
panhandle, and the Midland-Odessa region. Within these
regions are abundant numbers of oil and gas wells,23
occupational history or information on proximity to wells
might allow us to explore more on the hospitalization rates,
and gender differences that were apparent in these areas.
The high hospitalization rates in these areas are probably
due to high rates of smoking causing high prevalence of
Geographic disparity in COPD among the Texas population 739COPD. The oil/gas and occupation are probably secondary.
This study’s definition of COPD was based off of the
admitting diagnosis in order to provide an examination of
the hospitalizations of COPD, if patients who had COPD
came for other health services they might have been clas-
sified with other ICD-9 codes. While using the admitting
diagnosis may have underestimated the rate of COPD-
related hospitalizations; its use would not likely change the
variation in hospitalization rates across the state, which
was the purpose of this paper. In this study persons under
the age of 40 were included, however this group made up
less than 2% of the sample therefore it is unlikely that their
inclusion would change the results of the study. Spirometry
data was absent from the inpatient dataset, so the ICD-9
codes were used as a proxy for identifying cases of COPD
this could have caused a misrepresentation of the true
number of visits for COPD, however the use of these codes
has been validated in other studies.7,24 Spirometry data
would provide more information regarding severity of
COPD, a more severe case of COPD would lead to more
exacerbations, and more hospitalizations.
In conclusion, based on the analysis there is a difference
in the hospitalization rate of COPD across the public health
regions and counties depending on metropolitan status,
gender, and race. This study found evidence that there are
differences in hospital admissions according to gender and
race. While limited by the data available for public use, the
results of this study provide impetus to continue exploring
geographic disparities in COPD. For future research, anal-
ysis of Medicare data will allow us to confirm whether the
geographic disparity continues to exist in Texas according
to public health region and metropolitan county status.
Another area of research to be examined is the temporal
relationship between air pollutants and exacerbations in
metropolitan Texas areas. The identification of public
health regions that show high hospitalization rates rein-
forces the need to improve program implementation in
these areas where good policy implementation can make
changes at the local level.
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